investigation of mononuclear leucocytes in peripheral blood of healthy persons can be used to detect small numbers of blasts, dark blue cells, and blast-like cells. The immunoperoxidase technique can then be used for immunotyping of these cells. This simple method may be helpful in diagnosing haematological disorders. (J Clin Pathol 1998;51:886-890) 
Microscopy of blood smears yields much information about the blood cells. However, a definitive diagnosis of haematological disease is not possible in all patients. We used a simple method to improve the results of blood examination. Mononuclear leucocytes were separated using a Ficoll-Hypaque density gradient and cytocentrifuge preparations were made. The slides were stained by May-Grünwald-Giemsa. When combined with the immunoperoxidase technique, 1 this allowed us to immunotype uncommon blood cells. The analysis of these uncommon normal blood cells is the basis for identifying abnormal cells in haematological disease. Further studies will analyse the value of this technique in haematological disorders. 
Methods
Venous blood from healthy adult donors (3 ml in EDTA) was separated by Ficoll-Hypaque density gradient centrifugation (Nycomed Pharma As; density 1.077 g/ml) for 20 minutes at 400 g. The mononuclear cells were removed, washed in phosphate buVered saline (PBS), and suspended in PBS with 10% bovine serum albumin and 10% fetal calf serum (S-PBS).
The suspension was then cytocentrifuged using a Shandon centrifuge. We analysed 30 000 mononuclear leucocytes on each cytocentrifuge preparation.
IMMUNOCYTOCHEMISTRY
The cells were investigated using a morphological-immunological technique. The characteristics and sources of the antibodies used in this study are listed in table 1. The mouse primary monoclonal antibodies were diluted with S-PBS, with 10% human AB serum at optimal concentrations, and incubation was performed for 60 minutes. AB serum was not added during immunoglobulin analysis. Destaining of the smears was observed after this procedure.
The preparations were washed with S-PBS, and then rabbit antimouse immunoglobulin antiserum was added (peroxidase conjugated; Dako code No P260; diluted 1:50 with S-PBS/ 10% AB serum). After incubation for 30 minutes and washing, swine antirabbit immunoglobulin antiserum (peroxidase conjugated; Dako code No P217; diluted 1:50 with S-PBS/ 10% AB serum) was added for a further 30 minutes of incubation. After washing, peroxidase substrate (50 mg of diaminobenzidine hydrochloride; 10 µl of H 2 O 2 ; 100 ml PBS) was added for five minutes of incubation, following by counterstaining with Hämalaun (Merck No 9249) for five minutes.
Endogenous peroxidase activity was observed in eosinophils but not in other cells. Eosinophils were morphologically easy to recognise. The immunostained cells were compared with May-Grünwald-Giemsa stained cells which were photographed (see fig 2, A and B below). It was possible to observe the morphological and immunostained cytocentrifuge preparations simultaneously using a slide projector.
Specificity controls included omission of the primary antibody and use of an irrelevant primary antibody of the same isotype. We determined that the immunocytochemical reaction gave positive reactions only with cells that expressed the antigen corresponding to the primary antibody (though not in the case of eosinophils). The percentage of positive cells was compared using detection by the immunoperoxidase method after May-Grünwald-Giemsa staining and aceton fixation.
Immunoperoxidase staining of mature dendritic blood cells with CD83 was performed on cytocentrifuge preparations after fixation with May-Grünwald for three minutes. This fixation method allowed the preservation of cellular detail.
Results
We investigated the mononuclear leucocytes of 15 healthy persons. Most of the cells were lymphocytes and monocytes, but microscopic examination also showed uncommon leucocytes that are rarely encountered when performing a conventional diVerential leucocyte count on 100 white blood cells (table 2) .
We found that 0.11 (0.06) per cent (mean (SD)) of the mononuclear leucocytes were blasts (fig 1) . These circular cells (12-18 µm in diameter) have a round nucleus with only a scanty amount of pale blue cytoplasm and one or two nucleoli. The nuclear chromatin is finely dispersed and shows little clumping. MayGrünwald-Giemsa/immunoperoxidase staining showed expression of CD34 of all blasts. CD34 positivity was not detected on other mononuclear leucocytes.
We found that 0.18 (0.17) per cent of the mononuclear leucocytes were neutrophilic myelocytes and metamyelocytes, while 0.30 (0.21) percent were dark blue cells (fig 2) . These latter cells (13-30 µm in diameter) have a dark blue basophilic cytoplasm with a perinuclear zone and an angulated eccentric nucleus with coarse chromatin. Cells with several nuclear lobes may occasionally be seen. These cells are morphologically easy to diVerentiate from plasma cells which have a circular nucleus. Immunotyping of these cells by the MayGrünwald-Giemsa/immunoperoxidase technique showed expression of CD38, CD45, and HLA-DR (table 3) . Most of the dark blue cells were CD4 positive and failed to express T (CD2, CD3, CD5, CD8), B (CD20, CD22, IgG, IgA, IgM, and light chains), NK (CD56, CD57), and myelomonocytic (myeloperoxidase, CD14, CD64, CD68) cell markers. Only a small part of the dark blue cells was positive for CD2 and CD3. The dark blue cells did not show positivity for the progenitor cell marker CD34, the proliferation marker Ki67, the activation marker CD25, the marker for blood dendritic cells CD83, or the marker for follicular dendritic reticulum cells R4/23. The dark blue cells expressed the cell adhesion molecules CD11a, CD29, CD49d, CD50, and CD54. A part of the dark blue cells was CD18 positive. CD11b, CD11c, CD49b, and CD102 were not detected on the dark blue cells.
Small numbers of cells expressing CD83 (1-3/60 000 mononuclear leucocytes) were found in peripheral blood. Not all CD83 positive cells had the characteristic dendritic morphology, as shown in fig 3. We found that 0.15 (0.10) per cent of the mononuclear leucocytes were blast-like cells (fig 4) . These cells (13-20 µm diameter) are circular and have an ovoid nucleus with fine stranded chromatin and a distinct nucleolus with pale blue cytoplasm around the nucleus. Immunotyping with the May-Grünwald-Giemsa/immunoperoxidase technique showed positivity for HLA-DR, CD45, CD11a, and CD50. CD64 expression was present in a few blast-like cells. These cells failed to express T (CD2, CD3, CD4, CD5, CD8), B (CD20, CD22, IgG, IgA, IgM, and light chain), NK (CD56, CD57), myelomonocytic (CD14, CD68, myeloperoxidase), progenitor cell (CD34), dendritic blood cell (CD83), or follicular dendritic reticulum cell (R4/23) markers. The adhesion molecules CD11b, CD11c, CD54, CD102 were not found. 
ND, not determined.
Discussion
Conventional microscopic blood smear examination of healthy persons shows polymorphonuclear leucocytes, lymphocytes, monocytes, and a few bands, eosinophils, and basophils. We investigated the mononuclear leucocytes after Ficoll-Hypaque density separation and were able to identify less common cells. Immunocytochemical investigation of these cells after May-Grünwald-Giemsa staining 1 allowed immunotyping of these cells after morphological identification. We found a small number of blasts in the peripheral blood. All these cells expressed CD34 and no other cells were CD34 positive. The use of monoclonal antibodies in conjunction with an activated cell sorter has shown that CD34 positive bone marrow cells include most progenitor cells, 2 3 and most of these cells were found to be blast cells. Flow cytometric analysis enables CD34 positive cells to be detected in the peripheral blood and shows that there is a correlation between CD34 positive cells and granulocyte-macrophage colony forming cells. 4 5 We conclude that the blasts which we found in the peripheral blood represent haemopoietic progenitor cells. Our values (0.11 (0.06) per cent of mononuclear leucocytes) are in agreement with those determined by flow cytometry. 4 We found a small percentage of dark blue cells in peripheral blood. These cells express HLA-DR, CD45, CD38, CD4, and same adhesins. Most of these cells do not stain with typical T, B, NK, and myelomonocytic markers and lack CD34, CD25, CD83, Ki67, and R4/23. These morphological and immunotyping characteristics are the same as those found in cells described as dendritic cell precursors in peripheral blood. 6 These antigen presenting cells have a weak stimulatory capacity in an allogenic mixed leucocyte reaction (MLC) and mature in culture in dendritic cells to become potent stimulators of the MLC. The dendritic cell precursors are CD83-negative and acquire CD83 positivity as they mature. 7 The dark blue cells have a diVerent morphology and immunotype from plasma cells, which show positivity for light chains and IgG or IgA. Plasma cells do not express CD45 and HLA-DR. 8 We did not find plasma cells in the peripheral blood of our healthy subjects. A small subpopulation of the dark blue cells express the T cell markers CD2 and CD3.
Dendritic cells in blood, interdigitating dendritic cells in lymph nodes, and Langerhans cells of the skin have been reported to express the CD83 antigen. 9 It has been reported that CD34 progenitor cells which are cultured in the presence of granulocyte/macrophage colony stimulating factor and tumour necrosis factor develop into dendritic Langerhans cells. 10 It is diYcult to identify cells with dendritic cell morphology in the blood. 6 11 However, a small number of CD83+ HLA-DR+ cells without T, B, NK, and monocytic cell marker expression could be detected without purification procedures using three colour cytofluorometry. 11 We were able to detect a small number of cells expressing CD83 in the peripheral blood of our healthy subjects. Only a proportion of these cells had the characteristic dendritic morphology.
We also detected a small population of cells with blast-like morphology. In contrast to blasts, these cells have an ovoid nucleus with fine stranded chromatin structure and more cytoplasm. Immunotyping did not show expression of CD34, CD38, T, B, NK, or myelomonocytic markers. These cells have HLA-DR and CD45 positivity. HLA-DR positivity was found on progenitor cells, B cells, and monocytes/macrophages. 12 The blast-like cells did not show expression of CD34 for progenitor cells or CD20, CD22, and light chains for B cells. We therefore conclude that the blast-like cells are poorly diVerentiated monocytes. It is not surprising that these cells do not express the monocyte marker CD14 and CD68 because these antigens are not detectable on poorly diVerentiated monocytes. 13 The monocyte marker CD64 is positive on a few of these cells. The morphology of the blast-like cells is an intermediate stage between blasts and monocytes. The nucleolus signifies blasts and the fine stranded chromatin of the nucleus signifies monocytes. 
